Background: Spiny-footed lizards constitute a diverse but scarcely studied genus. Microsatellite markers would help increasing the knowledge about species boundaries, patterns of genetic diversity and structure, and gene flow dynamics. We developed a set of 22 polymorphic microsatellite loci for cross-species amplification in three taxa belonging to the Acanthodactylus scutellatus species group, A. aureus, A. dumerili/A. senegalensis and A. longipes, and tested the same markers in two other members of the group, A. scutellatus and A. taghitensis.
Background
Spiny-footed lizards, or fringe-toed lizards (genus Acanthodactylus), form a clade of small ground-dwelling lizards occurring mostly in arid regions [1, 2] . The genus is the most specious of the Lacertidae family and is widely distributed, occurring from the Iberian Peninsula, south of the Mediterranean Basin, across the Sahara-Sahel, Arabian Peninsula, and as far east as India [1, 2] . Being often abundant and occupying different types of open, flat habitats, these lizards are important elements of the vertebrate communities of deserts and arid ecosystems in North Africa and Arabia. Despite their diversity, knowledge about most of the species is still scarce and their taxonomy is partly unresolved [1] [2] [3] [4] . Most authors agree on splitting Acanthodactylus into several species groups or complexes [1, 4] . The A. scutellatus species group shows one of most complex taxonomies [2, [5] [6] [7] [8] . It includes six species according to the last global revision (A. aureus, A. dumerili, A. longipes, A. scutellatus, A. senegalensis and A. taghitensis) [3] . However, urgent systematic revision based on molecular data is needed given that: (1) eastern populations previously attributed to A. longipes are now considered a new species (A. aegyptius, [7] ); and (2) species boundaries in A. scutellatus, A. longipes, A. dumerili and A. senegalensis as currently defined remain uncertain (own unpublished data, SC Lopes, Velo-Antón, Crochet, Brito). The species group has multiple forms occurring in sympatry in Mauritania-A. aureus, A. dumerili, A. senegalensis, and A. longipes [9] . In this contact zone, morphologically intermediate individuals were previously observed [3] and molecular studies are needed to distinguish whether high morphological diversity or hybridization explain these intermediate morphotypes.
In addition, assessment of gene flow in such areas of sympatry would be critical for a better understanding of the species boundaries. Microsatellite markers have been extremely useful, and affordable, for addressing numerous topics in conservation and evolutionary biology, allowing, e.g., gene flow and population structure assessments, demographic inferences and genetic diversity estimation [10] [11] [12] . Yet, no microsatellite markers are available for the Acanthodactylus genus.
Here we describe a set of 22 polymorphic microsatellite loci (tri-and tetranucleotides) characterized in four species included in the A. scutellatus species group (A. aureus, A. longipes and A. dumerili/A. senegalensis). Considering the uncertain species boundaries for A. dumerili and A. senegalensis, we chose to refer to them as A. dumerili/A. senegalensis in the following sections. We further tested cross-amplification of these markers in two other members of the species group, A. scutellatus and A. taghitensis.
Methods
A genomic library was constructed from 12 specimens of A. aureus, collected across the species' distribution. A tissue sample was collected from the tail tip by following ethical guidelines for use of live reptiles (http:// www.aaalac.org/accreditation/Guidelines_for_Use_of_ Live_Amphibians_and_Reptiles.pdf ). All specimens were released on site after sample collection. Fieldwork was developed with permission from the Ministére Délégué auprès du Premier Ministre Chargé de l'Environnement, Nouakchott (Permit: 460/MDE/PNBA) and from the Haut Commissariat aux Eaux et Forêts et à la Lutte Contre la Désertification, Rabat (Permits 256-2012 and 20-2013). Analyses were done at a CITES registered laboratory: 13PT0065/S. Field collection and handling practices were approved by the Committee of Animal Experimentation of the University of Porto (Portugal) under the Directive 2010/63/EU of the European Parliament.
Genomic DNA extractions were performed from tissue samples using EasySpin Kit (Qiagen), following an adapted protocol for tissue samples (with minor adjustments to centrifugation and incubation conditions) and then pooled in equimolar concentrations. The changes to the extraction protocol were as follows: after adding the AB solution, we centrifuged at 3700 rpm for 4 min (instead of 4000 rpm for 2 min). After adding the Wash solution, we centrifuged at 3700 rpm for 6 min (instead of 8000 rpm for 1 min). After repeating the Wash solution step and discarding flow-through, we centrifuged at 3700 rpm for 10 min (instead of 14,000 rpm for 5 min). After adding the Elution Buffer, we incubated at 55° for 15 min (instead of 50° for 10 min). Last centrifugation was at 3700 rpm (instead of 14,000 rpm). Microsatellite isolation was developed through 454 GS-FLX Titanium pyrosequencing of enriched DNA libraries [13] . This process was developed by GenoScreen (http://www.pasteurlille.fr/fr/recherche/plateformes/tordeux_plat.html) and included sequence data quality control, assembly and analyses, and primer design. Initially, 50 loci were selected from the library and tested for amplification using seven samples of A. Fig. 1 ). Markers were multiplexed in four reactions, using M13-primer genotyping protocol with four different dye-labelled tails, and forward primer concentration of 1/10 of dye-labelled reverse primer [14] ( Table 1 ). The transferability of the primers was tested by crossamplification of five specimens of A. scutellatus (from Morocco, Tunisia, Libya, Algeria and Egypt) and one specimen of A. taghitensis (Mauritania). PCR amplifications were conducted using the Multiplex PCR Kit (QIAGEN) following manufacturer's instructions in a final 10 μl volume, always in the presence of a negative control. Touchdown PCR conditions started with an initial denaturation step of 15 min at 95 °C; first round (nine cycles) of 30 s at 95 °C, 90 s for annealing (decreasing 0.5 °C per cycle) at 58-54 °C (Multiplexes 1, 2 and 3) or 55-51 °C (Multiplex 4), and 30 s at 72 °C; second round (31 cycles) of 30 s at 95 °C, 1 min at 54 °C (Multiplexes 1, 2 and 3), or 51 °C (Multiplex 4), 30 s at 72 °C, and a final extension of 30 min at 60 °C. Amplification was performed in Biorad T100 Thermal Cyclers, and the PCR products were later separated by capillary electrophoresis on an automatic sequencer ABI3130xl Genetic Analyzer (AB Applied Biosystems). Fragments were scored against the GeneScan-500 LIZ Size Standard using the GENEMAPPER 4.1 (Applied Biosystems) and manually checked twice. Potential evidences of null alleles, allelic dropouts and stuttering were assessed using MICRO-CHECKER v2.2.3 [15] at each locus, for each population. Tests for HardyWeinberg equilibrium (HWE) and linkage disequilibrium (LD) were assessed in GENEPOP online version (http://wbiomed.curtin.edu.au/genepop/); with subsequent Bonferroni correction in both cases. Observed and expected heterozygosity were computed using GenAlEx v6.501 [16] . For some populations, samples were obtained from different localities. Consequently, analyses were based on groups of samples that are not necessarily panmitic populations, which probably accounts for deviations from Hardy-Weinberg equilibrium. 
Results and discussion
MICRO-CHECKER revealed no evidence of allelic dropout or stuttering, and no heterozygote excess was observed. In addition, no loci appeared to be in linkage disequilibrium. Table 3 summarizes occurrence of heterozygote deficiency and suspected null alleles for all loci in all populations in the three target species. While the occurrence of null alleles would limit the use of some of these markers in the affected species, other departures from Hardy-Weinberg equilibrium probably result from pooling several sampling localities in the same "populations" (see above). Additionally, even markers showing such evidences might be adequate to apply in other populations and they are applicable in at least one of these species. All loci genotyped for each species were polymorphic (Table 4) Although the applicability of each marker may depend on the species considered, the information provided in our work allows a selection of good markers for future use on assessments of genetic structure, genetic diversity, gene flow, and demographic inferences, expanding the longipes. Sample size, number of alleles, and allelic range are also presented for A. scutellatus and A. taghitensis -, markers that failed to amplify in a certain species possible themes for evolutionary, behavioural and conservation studies in this species group.
